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Where do we have rainforests?

• Three main areas:

• 1. South and Central America. Mostly the Amazon: Brazil, Peru, 
Bolivia, Colombia, Ecuador, Venezuela, Guyana. Also Costa Rica, 
Mexico: 40%.

• 2. Central Africa: DRC, Gabon, Central African Republic, Cameroon,  
Republic of Congo: 25%.

• 3. South-East Asia: Indonesia, PNG, Malaysia, Myanmar, Thailand, 
India: 20%.



Forest/land area Forest area Change 2010-2015 Change 2005-2015 - -

UN Forest Cover 2015 1990 2000 2005 2010 2015 Loss/Gain Loss/Gain Loss/Gain Loss/Gain
5-yr vs 10-yr 

change
Change 1990-2015

Country % (1000 ha) (1000 ha) (1000 ha) (1000 ha) (1000 ha) (1000 ha) % of 2010 cover (1000 ha) % of 2005 cover % (1000 ha)

Brazil 59 546705 521274 506734 498458 493538 -4920 -1.0% -13196 -2.6% -25% -53167

Democratic 

Republic of the 

Congo

67.3 160363 157249 155692 154135 152578 -1557 -1.0% -3114 -2.0% 0% -7785

Indonesia 53 118545 99409 97857 94432 91010 -3422 -3.6% -6847 -7.0% 0% -27535

Peru 57.8 77921 76147 75528 74811 73973 -838 -1.1% -1555 -2.1% 8% -3948

India 23.8 63939 65390 67709 69790 70682 892 1.3% 2973 4.4% -40% 6743

Mexico 34 69760 67856 67083 66498 66040 -458 -0.7% -1043 -1.6% -12% -3720

Colombia 52.7 64417 61798 60201 58635 58502 -133 -0.2% -1699 -2.8% -84% -5915

Angola 46.4 60976 59728 59104 58480 57856 -624 -1.1% -1248 -2.1% 0% -3120

Bolivia 50.6 62795 60091 58734 56209 54764 -1445 -2.6% -3970 -6.8% -27% -8031

Zambia 65.4 52800 51134 50301 49468 48635 -833 -1.7% -1666 -3.3% 0% -4165

Venezuela 52.9 52026 49151 47713 47505 46683 -822 -1.7% -1030 -2.2% 60% -5343

Tanzania 52 55920 51920 49920 47920 46060 -1860 -3.9% -3860 -7.7% -4% -9860

Mozambique 48.2 43378 41188 40079 38972 37940 -1032 -2.6% -2139 -5.3% -4% -5438

Papua New Guinea 72.5 33627 33600 33586 33573 33559 -14 0.0% -27 -0.1% 4% -68

Myanmar 44.2 39218 34868 33321 31773 29041 -2732 -8.6% -4280 -12.8% 28% -10177

Gabon 89.3 22000 22000 22000 22000 23000 1000 4.5% 1000 4.5% 100% 1000

Congo 65.4 22726 22556 22471 22411 22334 -77 -0.3% -137 -0.6% 12% -392

Malaysia 67.6 22376 21591 20890 22124 22195 71 0.3% 1305 6.2% -89% -181

Central African 

Republic
35.6 22560 22404 22326 22248 22170 -78 -0.4% -156 -0.7% 0% -390

Sudan 10.3 23570 21826 20954 20082 19210 -872 -4.3% -1744 -8.3% 0% -4360

Laos 81.3 17645 16526 16870 17816 18761 945 5.3% 1891 11.2% 0% 1116

Guyana 84 16660 16622 16602 16576 16526 -50 -0.3% -76 -0.5% 32% -134



REDD+ (Reduced Emissions from Deforestation and forest Degradation): 
Common concept of various schemes to save rainforests, and/or to 

prevent their degradation

• REDD is a rather general concept. Many  types of mechanisms can be 
applied.

• Implementation of REDD+ schemes using Payment for Environmental 
Services (PES) schemes.

• With PES, a party (in charge of a particular forest area) that would or 
might think of deforesting, and is in a position to do so, is paid by 
another party (the «forest caretaker») to prevent deforestation.

• Implies a «reverse polluter pays principle», as the potential polluter 
is paid not to pollute (deforest)



Comparing different implementation mechanisms 
(Engel et al 2008):

• PES versus taxation: Taxation a more direct mechanism, that more 
easily avoids problems of lack of additionality and leakage.

• But taxation can have more adverse distributional consequences 
when the party in charge of saving or not saving is poor.

• Many think of PES schemes as also having a distributional purpose. 
(Note that the CDM had formally two objectives: Serving to offset 
emissions; and serving a development purpose in the receiving 
country. Many assume that PES schemes also should serve this 
purpose.)

• Another issue is who has rights to the forest. With strong rights of the 
“seller”, taxes are less reasonable. 



Comparing implementation mechanisms (cont.) 

• PES versus command and control (CAC): The latter is less flexible as 
usually the same level of service is required for all units.

• CAC requires strong governance, a government that can enforce the 
laws. This is very often not the case. 

• CAC also requires wider and precise observation of whether laws are 
followed.  



Fundamental problems with REDD/PES schemes

• Payments are for only short/run saving of the forest, “renting” the 
right to have the forest intact. Typically PES schemes cannot be used 
to purchase the forest. 

• In a “next period” the party in charge of the forest can deforest, and a 
new payment may need to come to avoid it.

• Difficult to know which parts of the forest must be targeted with 
REDD money. Potentially, all forest not deforested can be targets for 
REDD, but this will quickly exhaust any ability to pay. 

• Illustrates basic problems with PES schemes (the CDM could be 
considered as one such scheme).



What are alternatives to PES?

• The best alternative is for the forest country itself to establish a good 
governance situation for its rainforest:

• Large protected or other government-managed areas where deforestation 
is illegal, and can and will be prosecuted

• Large areas set off for indigenous populations, who will often (but not 
always) manage the forest responsibly

• Establish good tenure relations for the rest of the forest, with ownership 
rights and legal restrictions on forest management, such as rules for how 
much of land must be held in forest. 

• Brazil is a country which has such good rules today. In Brazil, deforestation 
has been reduced from 20,000 to 6,000 km2/year from 2000 to today.



Brazil’s «offset scheme» for rainforest management

• Brazil has recently started to enforce their established forest code much more strictly than before. 
This is a major reason why deforestation has dropped sharply in Brazil (from 20,000 km2 in 2000, 
to 6,000 km2 today).

• Many landholders in Brazil have converted «too much» of their initial forest to other uses (mainly
agriculture). These now need to rectify this by increasing their amounts of forest.

• This can be done, for those that have already deforested too much, by buying forest rights from 
other landholders who have «excessive» amounts of forest, through an  «offset scheme» recently
established. Those who have deforested too much by now, thus are not strictly required to plant 
forest on parts of their agricultural land.

• This scheme does not allow for additional deforestation, only as an offset scheme for those who
have already deforested too much.

• It works on a state basis, not national. 



Consider a simple model for saving the rainforest with 
use of PES

• Assume that a buyer has value B of saving the forest, while a seller has 
value V of converting the forest to another use (deforesting). In the
Amazon, the other use would normally be grazing land for cattle, or 
cropland. At the same time the one that deforests captures the value of the
timber on the land.

• Assume that B can be either certain or uncertain to the «buyer». (In 
practice it will almost always be uncertain, since we do not know the exact
protection value of the forest.)

• Assume that V is known to the seller (he knows what is the value of
growing something on that land once the forest is gone). The buyer does
not know V for certain, but perhaps a probability distribution for V.



Consider the following objective function for a «buyer» of a saved rainforest, who 
offers a payment H to the «seller» in case that the rainforest is not cut down. (If the
forest is cut down, the seller gets nothing.)

• Here, 

• ER= the buyer’s objective function.

• EB = expected value of the relevant part of the rainforest for the buyer

• V = the opportunity cost for the seller (e g value as pasture)

• G, g  = statistical distribution and density for V, as considered by the buyer. (We assume that the 
buyer does not know V for certain, but only its ex ante distribution) 

• α = the weight given to the seller’s preferences, in the buyer’s utility function (0 to 1). 

• When α = 0, the buyer does not care at all about the seller as such, only about the forest. When α
= 1, the buyer fully incorporates the seller’s preferences when making the offer H. 
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Consider the optimal solution for the buyer in this model

• First-order condition for optimal ER, with respect to H, given by

• This gives the following solution for H in the case of α= 0:

• For α = 1, we simply have H = EB, which is the efficient solution
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The model on the previous slide shows:

• When the buyer has full consideration for the seller, the solution will 
be efficient, since H = EB. The buyer is offering his entire value to the 
seller, and this leads to the most efficient solution available.

• When the buyer has less than full consideration for the seller, the 
solution will lead to H < EB. The buyer then offers less than the full 
value of the resource to the seller. There will then be cases where 
expected value, EB, is greater than what is offered, H, and the 
resource is still not saved. This implies ineffciency in more cases than 
for H = EB. 



Some properties of the efficient solution

• A problem for the buyer is that he usually doesn’t know B for certain, only 
(we assume) its expectation EB.

• This leads to the possibility of two types of mistakes, even in the “efficient” 
solution:

• It could first happen that B is actually very high, while EB is low, and the H 
perhaps lower than V. The forest will then not be saved when it really 
ought to be.

• It could alternatively happen that B is low, while EB, and H, are high, and 
higher than V, so that the forest is saved even in cases where V > B.

• These mistakes are reduced or eliminated when the buyer gets to know 
more about the value of B. This issue we will address in the next lecture.



Factors that lead to less (left) or more deforestation (to the right) ( from Busch and Ferretti-
Galon 2017)


